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Abstract 
Internationally considerable reform in science education is occurring which promotes 
constructivist philosophies and advocates constructivist-inspired pedagogical strategies 
that are new to many teachers.  This paper reports on the supporting factors necessary for 
teacher professional growth and the issues of concern that were evident during one 
primary teacher’s successful implementation of a unit of work based on a draft of the new 
syllabus.  One researcher (CEP) provided guidance during the writing and 
implementation of the unit through professional development workshops complemented 
by ongoing collegial support.  The analysis of the teacher’s practice reveals that 
professional growth required a willingness of the teacher to engage with change and 
modify his professional practice.  The support factors for teacher growth consisted of an 
appropriate program of professional development, teacher understanding of the elements 
of the curriculum innovation, and successful experiences in implementing new 
approaches.  In contrast, the issues of concern were: the adequacy of support for planning 
including the time required to understand the innovation and make changes to teaching 
practice; science equipment; teacher knowledge; classroom management strategies; and 
ways to cope with change.  Understanding of these support factors and issues of concern 
is vital for the successful implementation of science curriculum innovations.   
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In Australia and elsewhere, governments, science educators, and teachers themselves, have 
expressed concern about the teaching of science in primary schools (Appleton, Ginns, & 
Watters, 2000; Appleton & Symington, 1996; Australian Science, Technology and 
Engineering Council [ASTEC], 1997; Department of Employment, Education and Training 
[DEET], 1989; Goodrum, Hackling, & Rennie, 2001; Harlen, 1997; Osborne & Simon, 1996).  
These concerns have centred on limited teacher knowledge of formal science (Neale, Smith, 
& Johnson, 1990; Summers & Kruger, 1994), low teacher confidence (Goodrum, Cousins, & 
Kinnear, 1992; Watters & Ginns, 1997), inadequate resourcing (Goodrum et al., 2001), and 
teachers’ capability to adopt student-centred classroom strategies based on constructivist 
philosophies (Watters, Diezmann, & McRobbie, 1997).  Constructivist philosophies have 
been influential in the development and implementation of science curricula worldwide.  
However, despite considerable attention to developing teaching approaches informed by 
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constructivist views (e.g., Australian Academy of Science; 1994, Bybee et al., 1989; Driver & 
Oldham, 1986; Fensham, Gunstone, & White, 1994; Hand & Prain, 1995; Osborne & 
Freyberg, 1985; Skamp, 1998), many teachers may be unfamiliar with constructivism and 
these approaches (Loucks-Horsley, Hewson, Love, & Stiles, 1998; Tobin, 1990).  In 
Queensland, while the new science syllabus (Queensland Schools Curriculum Council 
[QSCC], 1999a) is strongly oriented towards constructivism, it is philosophically different to 
the previous syllabus (Department of Education, Queensland, 1981).  Therefore, 
understanding how teachers reflect on constructivist-inspired approaches and adopt them for 
classroom use will be important in effecting the successful implementation of the syllabus.  In 
the state of Queensland, public schools are required to follow a state-mandated syllabus in the 
compulsory years of schooling from Grades 1 to 10.  The Primary School years are from 
Grades 1 to 7, and the Junior High School years are from Grades 8 to 10.  This paper focuses 
on the Primary School.   
 
Given the novelty of constructivist ideas for many primary teachers and the existing 
concerns about teacher confidence and knowledge, there will be substantial need for teacher 
professional growth for effective implementation of the new syllabus.  This growth may 
require significant change to teacher practice and beliefs.  Reforms that require such change 
are problematic because they deal with individual teacher’s beliefs about their capability (e.g., 
Bandura, 1997), and hence, require significant support from both a system level and from 
appropriate mentors (Lumpe, Haney, & Czerniak, 2000).  However, there has been criticism 
of the adequacy of programs of professional development in primary or elementary science 
education (Dillon, Osborne, Fairbrother, & Kurina, 2000; Loucks-Horsley et al., 1998; 
Loucks-Horsley & Matsumoto, 1999; Venville, Wallace, & Louden, 1998).  The purpose of 
this paper is to explore teacher professional growth during engagement with a draft of the new 
Queensland syllabus (QSCC, 1997), a science curriculum innovation which promotes 
constructivist views, and to provide an insight into the supports and concerns associated with 
this growth.  This may inform the provision of appropriate professional support for teachers 
undergoing change as they implement a new science syllabus.  Firstly, a brief overview of 
constructivism and teacher professional growth is presented. 
 
Constructivism  
Constructivism has been a major influence on science education since the early 1980s 
(Fensham, 1992).  Constructivist theories propose that individuals build understandings 
through the active construction of meaning based on their prior knowledge and experiences 
(e.g., von Glasersfeld, 1989).  Hence, knowledge is not transmitted directly from one 
individual to another (Driver, Asoko, Leach, Mortimer, & Scott 1994), and it is not seen as a 
representation of objective, external truths that are discovered.  Rather, knowledge is 
considered to be workable structures of thinking which fit within a range of experience (von 
Glasersfeld, 1987).  Constructivist epistemology underpins the notion of learning as 
development and change in conceptual understanding (Driver, 1989; Driver & Oldham, 1986; 
Hand & Prain, 1995; Posner, Strike, Hewson, & Gertzog, 1982; Wheatley, 1991).  This 
interpretive activity of the individual may involve factors such as social context, gender and 
culture on the learning process in science (Gunstone, 1995; Hodson & Hodson, 1994; Tobin, 
Briscoe, & Holman, 1990; Vygotsky, 1978).  Learning science at school, then, is seen to 
involve an enculturation into scientific ways of knowing, and the practices of school science 
(Driver et al., 1994; Hodson & Hodson, 1998).  While there are multiple perspectives on 
constructivism, a social constructivist view of learning is most prominent in the new 
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Queensland syllabus.  This model purports that learning is facilitated by social interaction 
with others (Solomon, 1987). 
 
In practical terms, adopting constructivist-inspired approaches has been slow and 
difficult for many teachers because they represent considerable change to traditional teaching 
approaches in science (Watters et al., 1997).  A common factor in the successful 
implementation of such approaches is to foster teachers’ understanding of how to facilitate 
conceptual change in their students.  Teachers who experience conceptual change strategies 
themselves have expressed deeper insight into the learning process and, in the classroom, they 
are more confident, more sensitive to the use of language, and more understanding of the 
challenges of learning science (Summers & Kruger, 1994; Thorley & Stofflett, 1996).  Hence, 
the use of constructivism as a referent in professional development experiences provides a 
valuable learning opportunity for classroom teachers (Bell, 1998; Coble & Koballa, 1996; 
Hardy & Kirkwood, 1994; Loucks-Horsley et al., 1998; Loucks-Horsley & Matsumoto, 1999; 
Marx, Freeman, Krajcik, & Blumenfeld, 1998; Sprinthall, Reimann, & Thies-Sprinthall, 
1996).  Although curriculum change can be mandated through new syllabi and associated 
documents, change to teacher professional practice is more complex. 
 
Teacher Professional Growth 
Teachers are central to the process of curriculum reform (Connelly & Clandinin, 1988; 
Crawley & Salyer, 1995; Cuban, 1990; Czerniak, Lumpe, & Haney, 1999; Fullan, 1993; 
Haney, Czerniak, & Lumpe, 1996; O’Brien, 1992; Osborne & Simon, 1996).  Hence, 
enhancement in teacher professional practice may be fundamental to the successful 
implementation of a science curriculum innovation (Goodrum et al., 2001).  However, the 
complexity of change frequently is not appreciated (Coble & Koballa, 1996).  The scope of 
teacher dispositions necessary for change provides some insight into why change is difficult 
to achieve and sustain (Briscoe & Peters, 1997; Fullan, 1993; Hargreaves, 1998).  These 
dispositions have been variously identified as: an acceptance of the need for change; personal 
commitment to change; open-mindedness; flexibility; a willingness to try things and 
experiment with ideas; a willingness to share problems, pool resources and co-operate; a 
mental attitude of survival; a spirit of risk taking; and reflective practice (Briscoe, 1991; 
Fullan, 1993; Haney et al., 1996; Hargreaves, 1998; O’Brien, 1992; Tobin, 1990).  Teachers 
express concern about the change process and cite inadequate support for change, resourcing, 
and professional development programs as key issues influencing professional growth 
(Burruss, 1997; Hall, 1992).  While it has been argued that there is no one best way to 
accomplish curriculum change (Fullan, 1993, 1998), the literature does provides guidance as 
to how to support professional growth at a general level.  However, there is also a need to 
develop an understanding of how personal and systemic issues impact on teacher professional 
growth.  Trumbull (1990) argues that to understand teaching in any meaningful way, it is 
necessary to know something about how professionals think about their work, and their 
reasons for thinking in those ways.  Hence the study sought to identify the factors that may 
support or inhibit a teacher’s professional growth during adoption of a science curriculum 
innovation. 
 
Design and Methods 
One teacher’s professional growth was explored through a qualitative study that used 
an interpretive approach to understand teaching actions (Erickson, 1986, 1998).  In particular, 
this was in order to establish the supporting factors and issues of concern in the 
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implementation of a science curriculum innovation that used constructivism as a referent.  
One researcher (CEP) was a participant observer inside the “scene of action” over a period of 
three and a half months (Peers, 2001) in order to probe and monitor the participant’s 
meanings for events (Erickson, 1986).  At the time of the study, this researcher was a member 
of the writing team for the Grades 1-10 science curriculum materials (QSCC, 1997, 1999a, 
1999b, 1999c).  The constructivist philosophy in these materials remained unchanged from 
the draft syllabus (QSCC, 1997) to the final syllabus (QSCC, 1999a).  The other researchers 
(CMD, JJW) were “critical friends” in this investigation.   
 
The data sources for this study included interviews, conversational inquiry, 
observations, and personal communications through electronic-mail messages.  Data 
recording methods included written notes, electronic-mail and audio-taping.  Interviews were 
subsequently transcribed for analysis.  Consistent with an interpretive approach, analysis 
occurred throughout the study and incorporated intensive reflection and analysis to develop 
shared interpretations of events among the researchers and teacher.  A grounded theory 
approach (Glaser & Strauss, 1967) was used to ascertain the teacher’s engagement with the 
science curriculum innovation because this constituted a novel and unfamiliar situation for the 
teacher (Glesne & Peshkin, 1992; Strauss & Corbin, 1990, 1997).  Inductive strategies and 
constant comparative analysis were used to identify patterns and themes in the data (Stake, 
1994).  Evidence of similar categories were grouped and reviewed until themes emerged and 
initial assertions were generated from these themes.  Data were reviewed and classified as 
supporting or refuting emerging assertions.  Conclusions were generated based on these 
themes and assertions.  Member checking was undertaken informally throughout the study by 
conversational inquiry in order to test the researchers’ perceptions, interpretations and 
emerging assertions.  At the conclusion of the study, the teacher was presented with a profile 
of the interpretations for more formal member checking.   
 
Phases of the Study 
This study was conducted in four phases: (1) collection of contextual data; (2) 
professional development workshops; (3) unit development and implementation; and (4) 
reflection and follow-up interview.   
 
Phase 1: Collection of contextual data  
The first phase of this study involved the collection of contextual data regarding the teacher, 
Andrew, and his school.  Andrew was a mature, confident and enthusiastic teacher who taught 
a Year 4 class in a state government primary school in a low socio-economic suburban area 
approximately 25 kilometres from a major city centre.  The school employed 43 teachers with 
grade specific classes from Grades One to Seven.  These teachers and their classes were 
accommodated in open-area classrooms utilising double teaching spaces.  These spaces house 
two classes and their teachers and are designed for the flexible use of the space.  At this 
school, dealing with students’ physical comfort and personal feelings appeared to consume an 
enormous amount of teachers’ time and effort.  In this complex and busy context, teachers had 
little time available for preparing written units of work, reflecting on their teaching practice, 
or debating curriculum issues.  However, science education was actively promoted in the 
school, and Andrew was a member of the school science committee. 
 
Following collection of contextual data, a program of professional development was planned 
by one researcher (CEP) to promote the professional growth of the focus teacher and some of 
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his colleagues at the school.  This program consisted of professional development workshops 
(Phase 2), and ongoing collegial support (Phase 3).  
 
Phase 2: The professional development workshops 
Two two-hour professional development workshops were conducted one week apart (by CEP) 
at Andrew’s school and were designed to support teachers in writing and implementing a unit 
of work based on a draft of the new syllabus (QSCC, 1997).  The broad aim of the workshops 
was to provide opportunities for teachers to develop knowledge of the draft syllabus and to 
create visions of alternative teaching approaches.  A theoretical and practical approach to 
constructivism was used in the workshops so that teachers might experience instructional 
strategies informed by constructivism and see them as viable for use in their own classrooms.  
The aims of Workshop 1 were to develop an understanding of the main features of the draft 
syllabus and to challenge teachers’ current views of science and science education.  Two 
underpinning philosophies of the draft syllabus were explored in depth: the view of science 
and constructivist views of learning.  These two philosophies were chosen for exploration 
because they underpinned the draft syllabus, and teachers’ beliefs about science, and learning 
and teaching in science have been shown to influence planning and instructional practices 
(e.g., Tobin & Lorsbach, 1995).  Alternative visions of teaching and learning in science were 
presented through the use of video-recordings (e.g., Fleer, 1991).  The aims for Workshop 2 
were to consider issues in teaching and learning in science education, such as the importance 
of students’ prior knowledge, dealing with students’ questions, developing a repertoire of 
teaching strategies, and comparing various unit planning approaches based on constructivist 
views.  Some readings about contemporary science education were provided as part of the 
workshops (e.g., Atkinson & Fleer, 1995; Friedl, 1997; McComas, 1996; Tasker, 1992; 
Tobin, 1990; White, 1996).  Additional readings on metacognition and constructivism were 
provided for Andrew at his request (e.g., Appleton, 1997; Bellanca & Fogarty, 1991; 
Diezmann & Watters, 1997; Fogarty, 1995; Skamp, 1998).  This workshop provided support 
for teachers to plan a unit of work based on the draft syllabus.  It also created a supportive 
learning environment for collegial discussions about, and reflection on, new teaching 
strategies. 
 
Phase 3:  Unit development and implementation 
The other component of the program of professional development was the provision of 
ongoing support for Andrew (by CEP) as he implemented a unit of work based on the draft 
science syllabus (QSCC, 1997).  The researcher’s role was that of a colleague and mentor, 
and included discussing ideas and issues, modeling of strategies (such as teacher questioning 
of students during group work to elicit their science ideas and promote metacognition), and 
practical assistance in the classroom during weekly visits over a three and a half month 
period.  Thus, Andrew received professional support through three avenues: firstly, by 
attending the professional development workshops with his school colleagues; secondly, 
through ongoing support during the planning and implementation of the unit of work; and 
finally, because Andrew was working in a supportive school environment he was able to 
obtain feedback from other interested colleagues in the school.  The purpose of professional 
support was to provide opportunities for Andrew to reflect on his newly acquired knowledge 
and implement changes to his professional practice.  
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Phase 4: Reflection and follow-up interview 
Reflection was ongoing throughout all phases of the study, but is described here as this phase 
was characterised by intensive reflection, analysis and interpretation of data.  During this 
phase, a profile was developed to describe Andrew’s professional growth and identify the 
associated supporting conditions and concerns.  To establish trustworthiness of the data and to 
ensure our interpretations and understandings reflected Andrew’s reality, member checking 
was ongoing.  A further interview was conducted two years after Andrew commenced his 
involvement in the program of professional development to confirm his views and to check 
the sustainability of change. 
 
The Context  
The context for the study can be described through an overview of Andrew’s typical 
professional practice before he engaged in the program of professional development.  Prior to 
Andrew’s participation in the study, his teaching practice could be described as “traditional.”  
In a typical science lesson, Andrew would recap the lesson of the previous week and then 
outline the lesson for the day.  He used what he described as “the scientific method” to 
structure the lessons and guide the purposes for science in his classroom.  Andrew called it a 
“didactic style.”  He would generally begin a unit by explaining to students what they would 
be doing over the next few lessons.  Then he would place on the board an hypothesis, a list of 
materials, and a list of steps to be followed.  Once the students had undertaken the set 
activities, Andrew would put the expected results on the board and students would copy these 
into their science books, regardless of their own findings or understandings.  In an interview 
conducted before his participation in the program of professional development, Andrew 
described his teaching approach: 
A fairly didactic style where the children are virtually taking notes from what the teacher 
is explaining about some principle that applies to the unit, and relates to the hands-on 
work they have been doing  really getting their attention and saying, now this is why it 
works.  You can’t see it happening, but this is why it happens. 
Andrew’s initial approach typifies a transmission or expository approach to teaching (Driver, 
1989). This approach was teacher-centred, students’ ideas and even the results of their 
experiments seemed inconsequential, and the purpose of the teacher’s explanations was for 
students to remember information rather than to develop understanding.   
 
Over a period of three months Andrew’s approach to teaching science changed in three 
significant ways.  Andrew moved from a highly procedural approach to focus on student 
cognition; he changed the emphasis from a teacher-centred approach to a student-centred 
approach; and finally, Andrew adopted an orientation towards the development of conceptual 
understanding rather than knowledge of isolated facts.   
 
Results and Discussion 
During Andrew’s planning and implementation of a unit of work based on the draft 
syllabus (QSCC, 1997), a number of supporting factors and issues of concern were identified 
as he made changes to his practice.  Andrew verified interpretations of these factors and their 
components.   
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Supporting Factors 
The findings of this study indicate that, with appropriate professional support, change 
in a teacher’s professional practice in response to a science curriculum innovation is possible 
in a relatively short time frame, and follow-up investigations indicate that this change was 
sustained for at least two years.  Three supporting factors for teacher professional growth 
emerged from an analysis of Andrew’s experiences in implementing a unit of work.  These 
relate to: (1) the program of professional development; (2) elements of the syllabus; and (3) 
successful outcomes.  Within each of these factors there were several components of support 
as shown on Table 1.   
 
Table 1   
Supporting Factors and Their Components 
1. Program of professional development  
Support from a researcher 
Discussions with professional colleagues  
Readings 
Videos about science teaching 
Workshops 
2. Elements of the syllabus 
Theoretical frameworks 
Conceptual overview 
3. Successful outcomes 
Student outcomes 
Teacher outcomes 
Outcomes from a “critical incident” 
 
Program of Professional Development  
Andrew indicated that he found the program of professional development beneficial: “I really 
enjoyed doing the unit.  It was really worthwhile.”  In particular, he noted the amount of time 
spent on professional development, the regularity of contact with the researcher, and the in-
class mentoring support of the researcher as valuable.  Andrew’s ongoing feedback during the 
study highlighted five components of the program of professional development that supported 
his successful implementation of the unit of work.  
 
Support from a researcher (CEP) 
Andrew stated that professional support in the classroom was the most valuable support 
component:  “And that follow up where you came to the classroom.  That was probably the 
most valuable.  When you came and worked in the classroom with me and the kids ... while 
we were doing it.”  While this type of support is rarely available to teachers, it may be 
advantageous for teachers who will adopt a key role in a school during the syllabus 
implementation process. 
 
Discussions with professional colleagues 
Andrew reported that the discussions he had during the workshops and in everyday 
conversations with colleagues challenged his views and helped him to reconsider aspects of 
his teaching practice.  For example, he said: “That got me thinking ― having a discussion 
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group at the time [during the professional development program].”  This suggests that whole 
school professional development activities may promote opportunities for teacher professional 
growth through collegial discourse which may not be possible with individual participation in 
in-service activities (Garet, Porter, Desimone, Birman, & Yoon, 2001). 
 
Readings 
Andrew reported that the readings provided during the professional development program 
stimulated his thinking about science and science education.  He also said that these readings 
influenced the changes in his practice.  Anecdotal evidence from other teachers suggests that 
Andrew’s requests for additional readings (on metacognition and constructivism ) may be 
atypical. 
 
Videos about science teaching 
Andrew found that videos viewed and discussed during the workshops were supportive 
because they provided him with alternative visions of science education and gave practical 
examples of how he could modify his teaching practice.  Vicarious experiences such as these 
are particularly important and contribute significantly to changes in teachers’ sense of self-
efficacy (e.g., Bandura, 1977).   
 
Workshops 
Andrew particularly appreciated the time that was dedicated to science education in the 
professional development workshops, which presented alternative classroom teaching 
strategies and unit planning models.  
I had all the time with you [CEP].  We spent a lot of hours with the PD [professional 
development] workshops.  …  And nobody else in the school is going to get that kind of 
help. 
Sustained and intensive professional development workshops have been shown to have a 
substantial positive influence on teacher professional growth (Garet et al., 2001). 
 
Elements of the Syllabus 
The data suggest that Andrew’s implementation of his unit was supported by two key 
elements of the syllabus, namely the theoretical frameworks and the conceptual overview.  
The ability to see relevance in and make practical applications of the elements of a curriculum 
document may depend on a teacher’s disposition to engage with change and appropriate 
opportunities to become familiar with and apply the frameworks underpinning an innovation.   
 
Theoretical frameworks 
Andrew effectively engaged with the theoretical frameworks in the draft syllabus (QSCC, 
1997).  In particular, he found ideas about constructivism and metacognition helpful.  For 
example, in interview he noted: “The constructivist type model … it was effective.  And like I 
said, I think it is very effective  in certain situations.”  The reflection and collegial support 
that occurred during the program of professional development appeared to provide the 
impetus for Andrew’s active engagement with these theories.   
 
Conceptual overview 
The organising framework of the draft syllabus (QSCC, 1997) describes broad concepts of 
science rather that science ‘topics’ as in the previous syllabus.  Andrew said this structure 
assisted him to “get the big ideas of science clear.”  He also commented that he thought this 
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may support teachers to rethink the way they planned science units by focusing on students’ 
understanding of concepts rather than their recall of information.     
 
Successful Outcomes 
Andrew commented on three successful outcomes that he perceived as supportive of his 
professional growth during implementation of the unit of work: 
 
Student outcomes 
 Student benefits reported by Andrew included enhanced interest, increased time on task, 
improved behaviour, an enhanced classroom environment, and improved learning processes 
and understandings of science concepts: 
They just seem to keep finding things they hadn’t realised before.  They were so well on 
task …  There obviously was an innate interest in every single child.  We could keep 
doing it forever and ever and a day I think …  They were enjoying it! It has been really 
good. 
Providing evidence of improved student learning has been highlighted as critical to a 
teacher undergoing change in professional practice (Loucks-Horsley & Matsumoto, 
1999). 
 
Teacher outcomes 
Andrew reported his success in adopting constructivist-inspired teaching approaches required 
less effort and increased his enjoyment of teaching: “You’ve usually got to work a lot harder 
to get them on task.  That’s why I really enjoyed this unit.” When asked why he persevered 
with changing his teaching of science, he responded: 
I could see it was worth it. It was so worthwhile.  I could see a point to it.  … When you 
see the joy … when they [the students] “get it” … There’s a lot of hard yards in between.  
But it’s worth it. 
Outcomes from a critical incident 
A “critical incident” occurred during the implementation of Andrew’s unit of work where, 
due to his own limited subject matter knowledge, he inadvertently confirmed students’ 
misconceptions about electric current.  Andrew was alerted to this misconception during a 
post-class discussion with a researcher (CEP).  The need to find a successful resolution to 
this incident provided the impetus for Andrew to investigate, understand and trial new 
teaching strategies which were proposed in the professional development workshops.   
 
In summary, the provision of appropriate support was central to Andrew’s 
professional growth in the teaching of science.  This required ongoing assistance and 
successful experiences during initial attempts at change.  These support factors enhanced 
Andrew’s motivation to engage with change, and consequently, he developed and 
implemented new approaches to the teaching of science.    
 
Issues of Concern 
Despite Andrew’s successful implementation of the unit of work, there were five 
factors that were of concern to him.  These factors and the associated components are shown 
on Table 2.   
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Table 2   
Factors of Concern and Their Components 
1. Support for planning  
Time 
Suitability of support materials 
2. Science equipment  
Procurement, maintenance, and management of science equipment 
3. Teacher knowledge  
Science content knowledge 
Pedagogical content knowledge 
4. Classroom management strategies  
Group work  
Classroom space for hands-on investigations 
5. Coping with change  
School culture  
Personal issues 
 
Support for Planning 
Andrew identified time and the suitability of support materials as two components of concern 
in the support for planning.    
 
Time 
Andrew stated his major concern for the implementation of his unit was the need for adequate 
time to understand the innovation and make changes to professional practice.  This included: 
(1) time to understand and implement the new ideas in the innovation, (2) time to identify 
gaps in his knowledge about science and science curricula, and (3) time to obtain support for, 
and write up, planning in science: 
The time demands on teachers are growing and growing and growing.  There is so much 
to do.  It all comes back to time.  They’ve got to be given time … But there is so much 
else as well …  It’s not that they [teachers] don’t want to [do a good job implementing the 
science syllabus].  It’s that they physically don’t have the time. 
The time required for the implementation of curriculum reform in science education 
frequently is not appreciated even by teachers themselves (Coble & Koballa, 1996). 
 
Suitability of support materials 
Andrew stated that appropriate support materials should exemplify and model the practical 
application of the underpinning philosophies of an innovation.  He expressed the need for 
these support materials to be provided to assist teachers to make changes to their professional 
practice and argued that teachers do not have the time or suitable resources to do this 
themselves:  
Yeah, whether we could  can apply it, or whether it becomes very involved.  I’m sure 
you could apply it, given the time and resources. 
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Science Equipment 
Andrew’s concerns about science equipment centred on the procurement, maintenance and 
management of resources, including classroom management and budgeting issues.  He said he 
felt that assistance from an adult technician both within and outside the classroom would 
relieve him of many equipment concerns:  
You’ve got to have all the equipment there and it’s got to all be working …  I was just 
getting so frustrated at times.  I’d fix up one buzzer, then I’d have to fix up an electric 
motor, and then I couldn’t find them, and someone would lose their bulb holder. 
Teacher Knowledge 
Andrew’s concern about teacher knowledge related to science content knowledge and science 
pedagogical content knowledge. 
 
Science content knowledge 
 Following Andrew’s involvement in the study he said he now thought a good knowledge of 
the overall concepts of science and their inter-relationships was required for effective teaching 
in science, rather than having a very limited knowledge or knowing a lot of isolated science 
facts.  This concern has broad implications for syllabus implementation because primary 
teachers may have limited content knowledge (e.g., Summers & Kruger, 1994).   
 
Pedagogical content knowledge 
Andrew stated that he remained concerned that limited pedagogical content knowledge 
coupled with limited science content knowledge would be important factors influencing the 
effective implementation of a science curriculum innovation.  Although Andrew received 
considerable support in the implementation of his unit of work, the systemic support received 
by other teachers would be far less, and hence, may be insufficient to enhance pedagogical 
content knowledge.    
 
Classroom Management Strategies 
Although Andrew was an experienced teacher, he was concerned about classroom 
management, in particular how to manage group work and organise the classroom space for 
hands-on investigations.   
 
Managing group work 
Andrew said the difficulties he encountered in group work included managing students with 
behaviour difficulties, the noise level during hands-on group work, allowing sufficient class 
time to develop and test ideas, and the time needed to distribute and manage equipment with a 
class of students.  Effective group work is acknowledged as an important component of 
constructivist-based approaches (e.g., Johnson & Johnson, 1990).   
 
Classroom space for hands-on investigations 
Andrew commented that the classroom layout and the double teaching space architecture 
restricted the type of activities he was able to offer students.  Andrew’s difficulty may be his 
recent return to the classroom and his unfamiliarity with managing activities within a double 
teaching space.  Teachers generally have few opportunities to see how other teachers organise 
their classrooms during science lessons.  
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Coping with Change  
Andrew expressed concern that his ability to cope with change was influenced by the school 
culture and personal issues.   
 
School culture 
The expectations of traditional teachers for the teaching of science in primary schools 
concerned Andrew.  He noted that such teachers, who were frequently high-status teachers of 
science, held a “facts focus”, and expected traditional assessment practices to be used which 
focussed on the recall of facts rather than conceptual understanding.   
 
Personal issues 
Andrew’s concern about the supports needed to implement a curriculum innovation extended 
to his colleagues.  He commented that without adequate support many teachers would lack 
confidence and not engage meaningfully with the new syllabus due to the effort and stress 
involved in teaching: 
Yeah.  The professional development is going to have to convince teachers that they’re 
not being left out on a limb where they  you know  where they have to sort 
everything out.  Because they won’t. 
In summary, a teacher’s concerns can impede or prevent professional growth, and hence, need 
to be adequately addressed.  While Andrew demonstrated professional growth despite these 
concerns, other teachers with limited time and inadequate support may not.    
 
Conclusions and Implications 
The findings of this study have shown that a primary school teacher can make positive 
changes to his teaching of science when implementing a science curriculum innovation 
advocating constructivist approaches.  The supporting factors for teacher professional growth 
included an appropriate program of professional development, an understanding of the 
elements of the curriculum innovation (e.g., the new syllabus), and successful experiences in 
implementing new approaches.  Successful pedagogical experiences were fundamental to 
Andrew’s professional growth and his motivation to continue to engage with change while 
implementing his unit of work based on the draft syllabus.  Andrew perceived a successful 
experience to be one in which the teaching was more rewarding; the students were more 
interested and on-task; student behaviour was improved; the classroom environment was 
enhanced; and students developed improved learning processes and understandings of science 
concepts.  Andrew’s reflection on new ways of teaching and his willingness to modify 
practice created an ongoing cycle of continued experimentation and success.  Thus, as success 
follows success, positive changes in the teaching of science are possible (Bandura, 1977, 
1986, 1997; Watters & Ginns, 1997).  Andrew’s success was facilitated by a credible mentor, 
who provided the stimulus and support for change.  Professional growth also requires a 
professional approach by teachers to curriculum implementation.  This includes an orientation 
to improving teaching, self-criticism, reflection, open-mindedness, and a willingness to 
engage with change (Nias, Southworth, & Campbell, 1992).   
 
This study also highlighted the factors that may impede the success of a curriculum 
innovation and the way these factors can impact on the individual teacher.  The time required 
to understand an innovation and to reflect on and make changes to teaching practice was the 
most significant concern identified in this study.  Without the provision of adequate time for 
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professional growth, it is unlikely that teachers will effectively implement new teaching 
practices (Appleton & Asoko, 1996; Fullan, 1993).  Hence, the use of short-term, after school 
professional development workshops in isolation offers little potential to initiate and sustain 
the change required for professional growth in science education (Kahle & Boone, 2000).  
Further issues of concern which need to be addressed in programs of professional 
development comprise the adequacy of support for planning, science equipment, teacher 
knowledge of both science and science pedagogy, classroom management strategies, and 
ways to cope with change.  While this study has provided some insight into the supports and 
concerns associated with one teacher’s professional growth during implementation of a 
science curriculum innovation, further research is needed to explore how to foster teacher 
dispositions necessary for effective engagement with change.  Additionally, there is a need to 
explore the sustainability of change to teacher professional practice. While there are strong 
indications that changes in Andrew’s practice were sustainable over at least a two-year period, 
the sustainability of these changes warrants further investigation. 
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